OBJECTIVE -To describe risk factors associated with microalbuminuria (MA) in subjects with diabetes, investigate the predictive value of MA as a marker of risk for diabetic nephropathy (DN), and define risk factors associated with the development and progression of MA.
M
icroalbuminuria (MA) is considered to be a risk factor for diabetic nephropathy (DN) and progressive renal insufficiency in diabetes (1) (2) (3) (4) (5) . Primary prevention of DN is feasible if the factors that initiate the change from normal urinary albumin excretion to MA and from MA to DN can be identified and treated (6) . Cross-sectional and longitudinal studies conducted in type 1 and type 2 diabetic patients have identified risk factors associated with the development of MA and with the progression of MA to DN. These include lower BMI, longer duration of diabetes, hyperglycemia, hypertension, dyslipidemia, cigarette smoking, and family history of hypertension (4, (7) (8) (9) (10) (11) (12) . Although MA has been considered to reflect an early stage in an irreversible process, recent investigations have cast doubt on this by demonstrating that MA often regresses to normal (4, 13, 14) . This has raised questions about the predictive value of MA. This prospective longitudinal study was conducted to investigate the predictive value of MA as a marker of risk for DN and to define risk factors associated with the development and progression of MA in subjects with type 1 and type 2 diabetes.
RESEARCH DESIGN AND METHODS -We conducted a prospective longitudinal study of patients with type 1 and type 2 diabetes with and without MA. The study population was drawn from a cross-sectional study of 554 diabetic patients who attended pediatric and adult diabetes clinics at the University of Michigan Medical Center in 1989 and 1990 . A total of 347 subjects with negative or trace leukocytes, blood, and protein by urine dipstick provided two or more random first-morning or 24-h urine specimens for quantitative microalbumin and creatinine testing over a 1-year period. Of the 347 subjects eligible for the follow-up study, 4 provided one random urine sample, 62 provided two random urine samples, 104 provided three random urine samples, and 177 provided four random urine samples. In addition, 49 provided a 24-h urine only, 27 provided a first-morning urine only, and 172 provided both a 24-h urine and a firstmorning urine sample. Based on the results of these tests, diabetic patients were classified as normoalbuminuric or microalbuminuric. At baseline, normoalbuminuria was defined as urinary albuminto-creatinine ratio Ͻ30 g/mg in two or more urine samples and no more than one value Ն30 g/mg. MA was defined as urinary albumin-to-creatinine ratio 30 -299 g/mg in at least two urine samples. At follow-up, DN was defined by albumin-to-creatinine ratio Ͼ300 g albumin per milligram creatinine. A total of 232 diabetic subjects from the initial cohort were included in the 7-year follow-up study. These included all 23 microalbuminuric subjects at baseline and 209 normoalbuminuric subjects matched to the microalbuminuric group on the basis of age (Ϯ5 years), type of diabetes, and duration of diabetes (Ϯ5 years) using frequency matching.
Protocol
At both baseline and follow-up, the study was reviewed and approved by the Insti-tutional Review Board of the University of Michigan Medical Center, and all subjects provided written informed consent. Baseline. During the initial visits (1989 -1990) , age, race, sex, type and known duration of diabetes, height, weight, blood pressure, tobacco use, and family history of hypertension were recorded. Laboratory evaluations included serial measurements of total GHb and total cholesterol, HDL cholesterol, and triglycerides over a 12-month period. Urinary albumin-tocreatinine ratios were assessed in two or more random first-morning and 24-h urine samples. Follow-up. During the 7-year follow-up period, patients received usual clinical care. Between 1996 and 1998, subjects were recontacted and invited to participate in the follow-up study. Participants were admitted to the General Clinical Research Center in the evening for a 14-h overnight stay. A standardized questionnaire was administered. ACE inhibitor use was determined for each participant and verified by a health care professional. A urine dipstick test was performed to rule out leukocytes and blood, and a 12-h overnight urine sample was collected and analyzed for albumin and creatinine.
Measurements
All laboratory measurements were performed in the Michigan Diabetes Research and Training Center Chemistry Laboratory. Urinary albumin concentration was measured by enzyme-linked immunosorbent assay with an Albuwell kit produced by Exocell (Philadelphia, PA). Urinary creatinine was measured by a standard dry slide enzymatic method based on the creatinine amidohydrolase assay, adapted for automated analysis using a Kodak Ektachem 700 analyzer (Rochester, NY). Total GHb was measured by affinity chromatography, followed by spectrophotometry using a Glyc-Affin GHb kit manufactured by IsoLab (Akron, OH). Serum total cholesterol and serum triglycerides were measured with a Singlevial kit from Boehringer Mannheim (Indianapolis, IN). HDL cholesterol was determined with a kit manufactured by Roche (Nutley, NJ). Mean GHb, total cholesterol, HDL, and triglyceride values were calculated as the mean of all determinations obtained during the baseline period.
BMI was calculated as weight in kilograms divided by height in meters squared. Arterial blood pressure was measured with a sphygmomanometer to the nearest 2 mmHg in the right arm with the patient in sitting position. Reported values are the average of all readings obtained during the baseline period. for MA as a marker of DN was defined as the probability of remaining microalbuminuric or developing DN given MA at baseline. The predictive value negative (PVN) for MA as a marker of DN was defined as the probability of remaining normoalbuminuric given an absence of MA at baseline. They were calculated as follows: Bivariate and multivariate logistic regression analysis was performed to evaluate the strength of the association between the predictor variables and the probability of progression adjusted for type of diabetes and baseline MA status. Odds ratios (ORs) were estimated for duration of diabetes (0 -4, 5-9, 10 -14, ϩ15 years), GHb (Ͻ10; Ն10%), total cholesterol (continuous, in milligrams per deciliter), triglycerides (continuous, in milligrams per deciliter) and ACE inhibitor use at follow-up (1 ϭ yes, 0 ϭ no). The significance of variables in the models was assessed by the Wald 2 test. The Ϫ2 log likelihood ratio test and the score statistic were used to test the overall significance of the models. The fit of the models was assessed by the Pearson 2 test and the deviance statistic. The possible interactions between variables were assessed using the Breslow and Day 2 test. All variables were modeled as continuous and categorical, and smoothed plots of the probabilities predicted by fitting a generalized additive model were examined to select the appropriate form of the final bivariate and multivariate models. To measure the relative risks of the predictor variables on the outcome, ORs and their 95% CIs were calculated. All continuous variables were categorized to the 50th percentile of their distribution for the 2 and logistic regression analyses. P Ͻ 0.05 was defined as the limit of statistical significance. All statistical analyses were performed using SAS software version 6.12 (SAS Institute, Cary, NC).
Data analysis
PVP ϭ true [ϩ]/(true [ϩ] ϩ false [ϩ]) ϭ a/(a ϩ b), and PVN ϭ true [Ϫ]/(true [Ϫ] ϩ false [Ϫ]) ϭ d/(c ϩ d),
RESULTS
From the original cohort, 232 diabetic subjects were selected for study, including 23 with MA and 209 with normoalbuminuria ( Fig. 1 ). All subjects had follow-up for 7 years after their baseline evaluation. During the course of the study, 120 subjects were lost to follow-up or refused to participate, and 2 subjects died. Thus, a total of 110 (48%) diabetic subjects completed the longitudinal study (83% of the cases and 44% of the control subjects). Of this group, 11 subjects were excluded from the analysis because the criteria for frequency matching were not met. Comparisons between participants and those lost to follow-up showed no differences between the two groups with respect to their baseline characteristics (data not shown).
Baseline variables associated with MA Table 1 describes the clinical and metabolic characteristics of diabetic subjects at
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DIABETES CARE, VOLUME 24, NUMBER 9, SEPTEMBER 2001baseline by type of diabetes and group. In the groups with type 1 and type 2 diabetes, the normoalbuminuric and microalbuminuric subjects did not differ with respect to BMI, blood pressure, GHb, lipids, smoking, or family history of hypertension. In both types of diabetes, more female subjects had MA at baseline, and the overall difference was statistically significant.
Risk of progression to MA and DN Over the 7-year observation period, five (56%) of the microalbuminuric subjects with type 1 diabetes became normoalbuminuric, three (33%) remained microalbuminuric, and one (11%) developed DN. Among the normoalbuminuric subjects with type 1 diabetes, six (11%) developed MA and one (2%) progressed to DN. Of the subjects with type 2 diabetes, four (57%) of the microalbuminuric subjects became normoalbuminuric, three (43%) remained microalbuminuric, and none progressed to DN. Among the normoalbuminuric subjects with type 2 diabetes, seven (24%) developed MA and five (17%) progressed to DN.
Thus, of the subjects with MA at baseline, 56% regressed to normoalbuminuria. No statistically significant association was found between age and regression (data not shown). In the microalbuminuric subjects who regressed to normoalbuminuria, baseline GHb levels were significantly lower compared with nonregressors. No significant association was found between ACE inhibitor use at follow-up and regression to normoalbuminuria. Only three (33%) of regressors (all with type 2 diabetes) were on ACE inhibitor treatment at follow-up compared with five (71%) of the nonregressors (two [50%] with type 1 and three [100%] with type 2 diabetes).
Predictors of progression to MA and DN Table 2 presents the baseline clinical and metabolic characteristics of the subjects who progressed from normoalbuminuria to MA or from MA to DN and those who did not progress by type of diabetes. Because the baseline characteristics of nonprogressors with normoalbuminuria or MA did not differ significantly (data not shown), they were combined as one group.
In the type 1 diabetic subjects, systolic blood pressure, GHb, and triglycerides were significantly higher in progressors compared with nonprogressors. In this group, more progressors were treated with ACE inhibitors at follow-up compared with nonprogressors (88 vs. 6%). In the type 2 diabetic subjects, GHb and triglycerides were significantly higher in progressors compared with nonprogressors. ACE inhibitor use at follow-up did not differ between the two groups. In both types of diabetes, progressors and nonprogressors did not differ with respect to age, sex, BMI, diastolic blood pressure, total cholesterol, HDL, smoking, or family history of hypertension. Duration of diabetes did not differ among groups, but it tended to be lower in nonprogressors. Table 3 shows the simple logistic regression analysis of baseline variables associated with the progression to MA/DN after adjusting for type of diabetes and baseline MA status. There was a statistically significant association between 10 and 14 years duration of diabetes, GHb, total cholesterol, and triglycerides at baseline and both ACE inhibitor use at follow-up and the development of MA. The risk of developing MA in subjects with known duration of diabetes 10 -14 years was 4.11 times higher compared with subjects with known duration of diabetes 0 -4 years. The risk of developing MA was 7.22 times higher in subjects with GHb Ն10% compared with subjects with GHb Ͻ10%. With a 1-mg/dl increase in total cholesterol and triglycerides, the risk of developing MA increased by 1.01 and 1.10 times, respectively. The risk of MA was 14.40 times higher in diabetic subjects treated with ACE inhibitors at follow-up compared with those not treated with ACE inhibitors at follow-up.
To test the independent effects of risk factors on the risk of progression to MA/ DN, we developed a multiple logistic model. The overall significance of the final logistic regression model, estimated by Ϫ2 log likelihood test statistic and for GHb Ն 10%). Total cholesterol, triglycerides, and ACE inhibitor use at follow-up were no longer significant, and no interaction term was significant in the model.
CONCLUSIONS
The predictive value of MA This prospective longitudinal study revealed that over a 7-year follow-up period, only 6% of subjects with persistent MA at baseline progressed to DN. Among subjects with persistent MA at baseline, 38% did not progress, and 56% regressed to normoalbuminuria. In contrast, 16% of age-, type-, and duration of diabetesmatched normoalbuminuric subjects progressed to MA, and 7% progressed to DN. These results are in contrast to those of earlier studies, which have reported that ϳ85% of the patients with MA develop DN (5, 19) . These earlier studies may have been biased by overestimation of risk because of different definitions of MA, a single urine collection at baseline, higher levels of MA at baseline, and post hoc analyses. In addition, there may be changes in the natural history of DN resulting from secular trends in glucose and blood pressure control. Our findings are in agreement with more recent studies of the natural history of DN, which have reported that 19 -24% of the patients with MA develop DN, and approximately onethird of the subjects with MA return to normoalbuminuria. These studies have concluded that MA may often regress or improve in diabetic subjects (1,14,20 -22) .
The PVP of MA as a marker of risk for DN was 43%, and the PVN was 77%. The PVP of a screening test is determined not only by factors that determine the validity of the test, but also by the prevalence of disease in the population. The prevalence of MA among the subjects in our study was only 16%. This may be due in part to the fact that only those subjects whose urine was determined by dipstick to be trace or negative for protein were enrolled. When the prevalence of preclinical disease is this low, the PVP will be low even when using a test with high sensitivity and specificity. Nevertheless, MA is far from ideal as a risk marker or predictor of DN, especially in populations prescreened with urine dipsticks.
The reasons for the regression of MA to normoalbuminuria are not clear. The lack of association between MA and the usual clinical and metabolic risk factors at baseline suggests that increased urine albumin-to-creatinine ratios may have represented false positive tests. Some have suggested that MA is more likely to regress in younger subjects (23) . Others speculate that MA detected in diabetic adolescents is less predictive of progression than has been reported in adults (24) . We did not find any statistically significant difference between progressors and nonprogressors with respect to age. Others have suggested that better glycemic control and the use of ACE inhibitors may account for regression of MA (25, 26) . We found that lower GHb levels were significantly associated with regression to normoalbuminuria. However, we did not find an association between ACE inhibitor therapy and regression. In our diabetic subjects, nonregressors were as likely to receive ACE inhibitors as were regressors. Our result is in agreement with Sikka et al. (27) , who reported an inverse association between MA and ACE inhibitor use and demonstrated that 61% of the diabetic patients use ACE inhibitors for the treatment of conditions other than abnormal albuminuria. Two criteria must be met if MA is to be a useful clinical test. First, a measurable rise in MA must occur early enough to permit clinical intervention. Second, this rise should correlate with outcomes (28) . In our study population, MA did not meet these two criteria because 1) more normoalbuminuric subjects progressed to MA/DN compared with microalbuminuric subjects (23 vs. 6%) and 2) 56% of the microalbuminuric subjects regressed to normoalbuminuria.
Determinants of progression to MA and DN To prevent or reverse the course of DN, risk factors involved in the etiology of disease must be defined. Studies investigating determinants of MA have identified poor glycemic control, elevated blood pressure, dyslipidemia, cigarette smoking, and family history of hypertension as initiating factors (1,9 -11) . In some studies, race, duration of diabetes, and male sex also have been associated with increased risk of MA (7, 8, 29) . Age and BMI have been shown to exert little or no influence on the development of MA (30) . Research dealing with ACE inhibitors in both types of diabetes have reported a beneficial effect on both the development and progression of MA to DN (26) .
In our study, subjects with both type 1 and type 2 diabetes and progressive disease were characterized by duration of diabetes between 10 and 14 years, higher GHb levels, higher total cholesterol and triglycerides, and ACE inhibitor use at follow-up. In multiple regression analysis, only duration of diabetes between 10 and 14 years and GHb were independent predictors of progression to MA/DN. The risk of progression to MA/DN decreased with duration of diabetes Ͼ14 years. The decrease in risk after 14 years likely reflects the well-described genetic susceptibility to DN. Those who did not develop DN by 14 years were at decreased risk. In randomized controlled clinical trials, hyperglycemia has been shown to cause the development and progression of microvascular complications in type 1 and type 2 diabetes (31, 32) . Others have also reported the association of MA/DN and the duration of diabetes (33) (34) (35) and suggested that both exposure to glycemia and individual susceptibility factors are critical for the pathogenesis of DN.
There are a number of potential limitations to our study. First, ϳ50% of subjects in this prospective observational study were lost to follow-up over 7 years (17% of the cases and 56% of the control subjects). However, those lost to follow-up did not differ from those who were followed with regard to baseline clinical variables. We therefore consider it unlikely that, had they been available, those lost to follow-up would have changed the outcome of the study.
Second, we studied only 19 subjects with persistent MA at baseline. Based on the literature, we had anticipated a higher prevalence of MA at baseline and a higher rate of progression over 7 years. Nevertheless, when we consider all 19 subjects with persistent MA (including the 3 with no matched control subject), only 2 of 19 (11%) progressed to DN. This observation is consistent with a true underlying probability of Ͻ30% based on the upper 95% confidence limit calculated from the exact probability. This probability of progression was similar to that observed among all 91 subjects with normoalbuminuria at baseline. In the latter group, the upper 95% confidence limit calculated from the exact probability was 29%. The observed lack of difference between groups is a function of not only the small sample size but also the similarity of the two proportions.
A third limitation to the study was the use of different methods for assignment of exposure and assessment of outcome. We chose a single 12-h overnight urine collection for follow-up because we needed to weigh respondent burden with reliability and precision of the measurement. Many of the subjects no longer received their medical care at the University of Michigan Medical Center, and it was not feasible to ask them to provide multiple specimens over a prolonged period of time. In addition, we wanted to optimize the reliability of the test by ensuring that patients did not have leukocytes or blood in their urine, by ensuring accurate timing of the collection, and by reducing variation in physical activity. In summary, our data indicate that persistent MA, defined as an albumin-tocreatinine ratio of 30 -299 g/mg in at least two urine samples, progressed to DN in only 6% of the individuals with type 1 and type 2 diabetes (95% upper confidence limit ϭ 30%) and regressed in 56% of the individuals with diabetes without systematic application of corrective measures. Therefore, we conclude that the predictive precision of MA as a risk marker for DN is less strong and that MA is a less sensitive and less specific predictor of DN than previously reported. In this study, we demonstrate a positive independent relation between the progression to MA/DN and both duration of diabetes between 10 and 14 years and poor glycemic control in subjects with type 1 and type 2 diabetes.
